Abstract-Moment
I. INTRODUCTION
To provide enough strength and stiffness in two orthogonal directions, using sections with similar behavior about two main axes seem essential for the column. Box-columns are frequently used in orthogonal moment resisting frames due to inherent characteristics such as a large flexural capacity and stiffness about their main axes. In the box-shaped columns, implementation of continuity plates, particularly the welding of the fourth side is associated with remarkable difficulties that sometimes these problems causes this important member will not be implemented in these type of column. Fig. 1 shows a box-shaped column.
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Continuity plate Figure 1 . Box column with continuity plates Double-web I-shaped column is of more torsional stiffness compared to the one with H-shaped cross section, it doesn't have operational issues of continuity plates in box-shaped column and in some cases, removing their continuity plate is possible [1] . Fig. 2 shows a double web column. Cruciform sections can be named as sections with similar behavior in both directions.
In the following, more detailed investigation will be carried out on cruciform and double-web I-shaped columns.
A. Introducing of the Cruciform Column
These sections consist of two I-shaped sections that are perpendicularly attached to each other at the mid-point of their webs after splitting one of them into two symmetric T-shaped sections (Fig. 3) . The main benefits of these columns can mention to following items: 1) Proper option for columns in orthogonal momentresisting frames.
2) Have similar flexural strength and stiffness about both principal axes.
3) Could allow for a simpler construction process due to open and accessible shape of the section, especially for preparing continuity plates and panel zone regions.
4) Have more capacity rather than H-shaped column. 5) Increase axial capacity of column. 6) Reducing the consumption of steel.
Continuity plate 
B. Introducing of the Double-Web I-Shaped Column
Double-web I-shaped column was first suggested by Saffari et al [1] in order to omitting the continuity plates in the box columns. In this case the strength and rotational stiffness of the connection was provided by nearing the column webs to each other. Double web columns have more torsional stiffness in comparison with the H-shaped columns; furthermore because of reducing of local flange bending, it is easily possible to omit the continuity plates. According to Fig. 2 and ref. [1] , the relationship between parameters on the double web column is as follows:
Wide experimental and analytical studies have been carried out starting from the '70s, mainly by Krawinkler et al. [2] , Bertero et al. [3] , and Popov [4] , in order to examine the behavior of PZ under monotonic and cyclic loadings. In this paper, firstly evaluates the adequacy of the panel zone relationship in AISC for cruciform columns, box-columns and double-web columns using non-linear finite element analysis method. Then the panel zone shear capacities of these columns that have the same plastic capacity are compared with each other.
II. PANEL ZONE SHEAR CAPACITY

A. Modeling Process
To achieve an appropriate model, first, a parametric study regarding the effective parameters on the behavior of panel zone is carried out by ABAQUS [5] software. These parameters consist of column flange thickness (tcf), column web thickness (tw), and thickness of continuity plates (tcp). Since, experimental results on seismic performances of cruciform columns and double web Ishaped columns do not exist in pre-qualified connections data-base, accordingly, experimental results of a wellknown experimental program on "SP7 of SAC01" [6] are considered to validate modeling accuracy.
All parametric studies were performed for CSP3, CSP5 and CSP7 specimens which their columns shown in Table  I . It should be noted that column sections of CSP3, CSP5 and CSP7 are selected from equalization of their plastic capacity with of SP3, SP5 and SP7 column sections of SAC01 [6] respectively, since experimental results of SAC01 [6] , for verifying the finite element modeling methodology and general assumptions on the material behavior and nonlinear analysis, are available in ref [6] . Furthermore, to avoid yielding in beams before yielding in panel zone, beam sections used in CSP3, CSP5 and CSP7 are selected in such a way that yielding in panel zone precedes beams yielding. Column sections of CSP3, CSP5 and CSP7 specimens are presented in Table I . The Young's modulus of elasticity, E, and Poisson's ratio, ν, were assumed to be 200 GPa and 0.3 respectively. Stress-strain diagram of steel is considered bilinear [6] . For all specimens, beam length and column length are 342.9 and 365.8 cm, respectively. Other geometric parameters of these specimens are available in Table II . Quadrilateral four-node shell elements (the S4R element) are used for constructing three-dimensional models of subassemblies. The free end of beam moves vertically under displacement control analysis. (Fig. 4) 
B. Shear Computing Method
To obtain panel zone shear force the below relation considered [7] : (Fig. 5)   1 Figure 6 . Geometry of panel zone to determine panel zone distortion [8] .
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Computing Panel Zone Distortion
The proposed relation by Mulas [8] is used to calculate the panel zone distortion: (Fig. 6 )
D. Verification Study
As validation is essential in numerical studies, specimen SP7 [6] , is modeled by the ABAQUS software and compared with experimental results, before the main study in this research is being carried out.  There is not much difference between the results of the panel zone shear of Box-shaped columns and double web columns. But, since double-web Ishaped column is not engaged with the operational issues of continuity plate, and also, it is of much more torsional stiffness, it would be more suitable for buildings with moment resisting frames.
